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WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
&RPPXQLFDWLRQ5HVRXUFH3ODQQLQJIRU0RQLWRULQJDQG&RQWURO
6\VWHPVEDVHGRQ'LVWULEXWHG9LUWXDO,QVWUXPHQWDWLRQ1HWZRUNV
7UDLDQ7XUFD$GULDQ*OLJRUE
DE³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV1LFRODH,RUJDVW7LUJX0XUHV5RPDQLD
$EVWUDFW
'LVWULEXWHG PRQLWRULQJ DQG FRQWURO V\VWHPV EDVHG RQ GLVWULEXWHG YLUWXDO LQVWUXPHQWDWLRQ QHWZRUNV FRQVLVW RI QXPHURXV
FRPSRQHQWV UDQJLQJ IURP ILHOG VHQVRUV WR PRQLWRULQJ DQG FRQWURO PRGXOHV ZKLFK DUH SRWHQWLDOO\ VSUHDG DFURVV D ZLGH
JHRJUDSKLFDODUHD7KLVFRQILJXUDWLRQUHTXLUHVDFRPPXQLFDWLRQLQIUDVWUXFWXUHWRIDFLOLWDWHERWKSK\VLFDODQGORJLFDOFRQQHFWLYLW\
,QWKLVSDSHUZHWDFNOHWKHFKDOOHQJHRISODQQLQJFRPPXQLFDWLRQUHVRXUFHVWKDWLVLQFRUUHODWLRQZLWKLPSRUWDQWWRSLFVVXFKDV
IDVWGHYHORSPHQWGHSHQGDELOLW\DQGVHUYLFHDYDLODELOLW\
2XU GLVFXVVLRQV FRQFOXVLRQV DQG UHFRPPHQGDWLRQV DUH EDVHG RQ DQ H[SHULPHQWDO SODWIRUP GHYHORSHG LQ /DE9LHZ 2XU
LQYHVWLJDWLRQVSXUVXHGHVLJQLQJDQRSWLPDOFRPPXQLFDWLRQLQIUDVWUXFWXUHDQGFKRRVLQJWKHULJKWFRPPXQLFDWLRQEDQGZLGWK

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVYLUWXDOLQVWUXPHQWDWLRQ6&$'$'&6FRPPXQLFDWLRQLQIUDVWUXFWXUHUHVRXUFHSODQQLQJ
,QWURGXFWLRQ
0DQ\WHFKQRORJLFDOSURFHVVHVDUHFRQWUROOHGE\DVLJQLILFDQWQXPEHURIIXQFWLRQDOSDUDPHWHUV7KHLUHIILFLHQF\LV
WKHUHIRUH KLJKO\ UHOLDQW RQ WKH PHWKRGRORJLHV XVHG IRU PDQDJLQJ PRQLWRULQJ DQG FRQWUROOLQJ WKHVH SDUDPHWHUV
'HSHQGLQJRQ WKHQDWXUHRI WKHSUREOHP WREH VROYHGEDVLF LQVWUXPHQWV VXFKDV WKHRQHVSURYLGHGE\DSSOLFDWLRQ
GHYHORSPHQWHQYLURQPHQWVOLNH6&$'$6XSHUYLVRU\&RQWURODQG'DWD$FTXLVLWLRQPLJKWVXIILFH+RZHYHUUHDO


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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WLPHUHTXLUHPHQWVVXFKDVG\QDPLFDOO\FKDQJLQJWKHPHWULFWLPHIUDPHRUGLVSOD\PRGHFDQRQO\EHVDWLVILHGZLWK
DZLGHUDQJHRIIXQFWLRQDOO\FRPSOH[LQVWUXPHQWV
,Q RUGHU WR DFFRPPRGDWH IRU WKLV FRPSOH[LW\ WKH LPSOHPHQWDWLRQ RI VXFK V\VWHPV PXVW EH YHUVDWLOH  EDVLF
KDUGZDUH VKRXOG VXSSRUW DV PXFK IXQFWLRQDOLW\ DV SRVVLEOH 7KLV LV WKH SULQFLSOH EHKLQG YLUWXDO LQVWUXPHQWDWLRQ
ZKLFKOHYHUDJHVFRPPHUFLDOO\DYDLODEOHWHFKQRORJLHVWRSURYLGHDSODWIRUPIRUVRSKLVWLFDWHGPHDVXUHPHQWV\VWHPV
9LUWXDO LQVWUXPHQWDWLRQDOORZVPXOWLOHYHOVROXWLRQVZKLFKSURYLGHGLVWULEXWHGDFFHVVWRIXQFWLRQDOSDUDPHWHUVDQG
ILQHJUDLQHG FRQWURO RYHU YDULRXV OD\HUV RI DEVWUDFWLRQ 7KLV LV SDUWLFXODUO\ LPSRUWDQW LQ WHFKQRORJLFDO SURFHVVHV
VSUHDG DFURVV ZLGH JHRJUDSKLFDO DUHDV ZKHUH WKH IXQFWLRQDO SDUDPHWHUV WKDW FRQWURO WKH GLVWULEXWHG ILHOG VHQVRUV
PXVWEHFHQWUDOL]HG
2QH RI WKH PDLQ FKDOOHQJHV LQ LPSOHPHQWLQJ GLVWULEXWHG YLUWXDO LQVWUXPHQWDWLRQ VROXWLRQV LV WR FRQQHFW WKH
SK\VLFDOILHOGGHYLFHVZKLFKFROOHFWWKHGDWDWRWKHYLUWXDOLQVWUXPHQWDWLRQPRGXOHV7KHSHUIRUPDQFHRIWKHQHWZRUN
LV KLJKO\ GHSHQGHQW RI WKH HIILFLHQF\ RI WKH FRPPXQLFDWLRQ EHWZHHQ LWV FRPSRQHQWV )DVW DQG UHOLDEOH
FRPPXQLFDWLRQFRPHVDWWKHH[SHQVHRISK\VLFDOUHVRXUFHVDQGDQRSWLPDOWUDGHRIIPXVWEHGHWHUPLQHG7KHUHIRUH
SODQQLQJFRPPXQLFDWLRQUHVRXUFHVPXVWEHDSULRULW\LQWKHGHVLJQSURFHVV7KHSXUSRVHRIKLVSDSHULVWRHVWDEOLVKD
PHWKRGRORJ\IRUVROYLQJWKHUHVRXUFHDOORFDWLRQSUREOHPLQDQRSWLPDOZD\
3UHYLRXV ZRUN HPSOR\HG YLUWXDO LQVWUXPHQWDWLRQ LQ YDULRXV DSSOLFDWLRQV VXFK DV GLDJQRVLV DQG PRQLWRULQJ RI
LQGXVWULDOHTXLSPHQW>@SURGXFWLRQWUDQVSRUWDQGGLVWULEXWLRQRIHOHFWULFLW\>@HQYLURQPHQWDOPRQLWRULQJ>
@DQGLQGXVWULDOTXDOLW\FRQWURO>@0DQ\RIWKHVHSXEOLFDWLRQVKDYHHGXFDWLRQDOSXUSRVHVDLPLQJWRVWXG\WKHLQQHU
ZRUNLQJVRIYDULRXVSURFHVVHV>@RUVLPSO\H[SORUHYLUWXDOLQVWUXPHQWDWLRQ>@
5HVRXUFH SODQQLQJ DQG QHWZRUN GHVLJQ LQ WKH FRQWH[W RI YLUWXDO LQVWUXPHQWDWLRQ KDYH EHHQ DSSURDFKHG IURP
YDULRXV DQJOHV )RU LQVWDQFH -DPRQW HW DO >@ SURSRVH D VROXWLRQ EDVHG RQPXOWLDJHQW VHOIRUJDQL]LQJ SURFHVVHV
ZKLFK LVDSSOLFDEOH LQ WKHFDVHRIZLUHOHVVRURWKHUFRPSOH[QHWZRUNV+RZHYHU WKHLUGHVLJQFDQQRWKDQGOHVWDWLF
QHWZRUNV,QFRQWUDVWZHSURSRVHDVROXWLRQWKDWLVDSSOLFDEOHIRUQHWZRUNVWKDWDUHQRWG\QDPLFDOO\UHFRQILJXUDEOH
%HUXWL HW DO >@ SURYLGH D SHUIRUPDQFH HYDOXDWLRQ RI PHDVXUHPHQW GDWD DFTXLVLWLRQ V\VWHPV LQ D GLVWULEXWHG
FRPSXWLQJ HQYLURQPHQW WKDW PDNHV XVH RI LQVWUXPHQWDWLRQ 7KH\ DVVHVV KRZ WKH UHVSRQVH WLPH LV LPSDFWHG E\
GLIIHUHQWFRPPXQLFDWLRQPHFKDQLVPVDQGQHWZRUNVXQGHUYDULRXVORDGV
*HQHUDOO\SUHYLRXVZRUNKDVSURYLGHGJXLGHOLQHVRQKRZWRFRQILJXUHYLUWXDO LQVWUXPHQWQHWZRUNVEXWWKHUHLV
QRVSHFLILFUHVHDUFKRQKRZWRGHWHUPLQHWKHQHFHVVDU\FRPPXQLFDWLRQEDQGZLGWK
7KHUHPDLQGHURI WKLVSDSHU LVVWUXFWXUHG LQ WKH IROORZLQJZD\ WKH5HVHDUFK0HWKRGRORJ\VHFWLRQSURSRVHVDQ
H[SHULPHQWDO SODWIRUP DQG GHVFULEHV RXU LQYHVWLJDWLRQV 7KH 'LVFXVVLRQV DQG 5HVXOWV VHFWLRQ VXPPDUL]HV DQG
LQWHUSUHWVRXUUHVXOWV)LQDOO\WKH&RQFOXVLRQVVHFWLRQUHLWHUDWHVRXUILQGLQJV
5HVHDUFK0HWKRGRORJ\
,QWKHFRQWH[WRIHQYLURQPHQWDOPRQLWRULQJDQGFRQWURORQHRIWKHPRVWSRSXODUJUDSKLFDOV\VWHPGHVLJQWRROVLV
/DE9LHZ ,WVSRSXODULW\ LQ WKH ILHOGRI YLUWXDO LQVWUXPHQWDWLRQ LV WKH UHDVRQZK\ZHFKRVH WKLV WRRO WRGHVLJQRXU
VROXWLRQ
7KH$UFKLWHFWXUHRIWKH([SHULPHQWDO3ODWIRUP
0RQLWRULQJDQGFRQWUROV\VWHPVFRQVLVWRIQXPHURXVFRPSRQHQWVUDQJLQJIURPILHOGVHQVRUVWRPRQLWRULQJDQG
FRQWURO PRGXOHV ZKLFK DUH SRWHQWLDOO\ VSUHDG DFURVV D ZLGH JHRJUDSKLFDO DUHD 7KLV FRQILJXUDWLRQ UHTXLUHV D
FRPPXQLFDWLRQLQIUDVWUXFWXUHWRIDFLOLWDWHERWKSK\VLFDODQGORJLFDOFRQQHFWLYLW\3ODQQLQJFRPPXQLFDWLRQUHVRXUFHV
LV WKHUHIRUH D FUXFLDO SDUW RI GHVLJQLQJ WKH V\VWHP ,Q RUGHU WR HVWLPDWH WKHVH YDOXHV ZH EXLOW DQ H[SHULPHQWDO
SODWIRUPGHVFULEHGEHORZ
:H GHYHORSHG WKLV H[SHULPHQWDO SODWIRUP LQ /DE9LHZ  DQG WHVWHG LW LQ D ODERUDWRU\ HTXLSSHG ZLWK
FRPPXQLFDWLRQEDQGZLGWKFRQWURO)LJXUHVDQGGHVFULEHWKHDUFKLWHFWXUHRIRXUVROXWLRQ

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)LJ7KHKDUGZDUHVWUXFWXUHRIWKHH[SHULPHQWDOSODWIRUP
2XUVROXWLRQLVVWUXFWXUHGRQWKUHHOHYHOV7KHILUVWOHYHOFRQVLVWVRIDWKHGDWDDFTXLVLWLRQHTXLSPHQWDQGEWKH
V\VWHP WR FRQWURO WKH IXQFWLRQDO SDUDPHWHUV 7KH VHFRQG OHYHO LV UHVSRQVLEOH IRU FHQWUDOLVLQJ WKH DFTXLUHG GDWD
)LQDOO\WKHWKLUGOHYHOFRPSULVHVPRGXOHVIRUVXSHUYLVLRQDQGFRQWUROZKLFKPDNHXVHRIYLUWXDOLQVWUXPHQWDWLRQ


)LJ7KHVRIWZDUHDUFKLWHFWXUHRIWKHH[SHULPHQWDOSODWIRUP
7KHILHOGGHYLFHVDUHEXLOWDVDVHULHVRI3/&3URJUDPPDEOH/RJLFDO&RQWUROOHUDQGHQFRPSDVVWZRPDLQW\SHV
RIFRPSRQHQWVPRGXOHVIRUORFDOPRQLWRULQJDQGGLDJQRVLVDQGFRPPXQLFDWLRQPRGXOHV7KHILHOGVHQVRUVFRQYHUW
WKH DQDORJ VLJQDOV WKDW WKH\ VHQVH LQWRGLJLWDO VLJQDOV DQG VHQG WKHP WR DQ578 5HPRWH7HUPLQDO8QLW RYHU D
)LHOGEXVQHWZRUN
7KHGDWDDFTXLUHGLVVHQWWRWKHVHUYHUZKHUHLWLVSURFHVVHGVWRUHGDQGPDGHDYDLODEOHWRERWKORFDODQGUHPRWH
FOLHQWV7KHODWWHUFDQEHHLWKHUVWDQGDORQHRUZHEEDVHG7KHVHUYHUDQGWKHFOLHQWVZHUHLPSOHPHQWHGLQ/DE9LHZ
 XVLQJ WKH QDWLYH OLEUDULHV 7KH 7&3,3 FRPPXQLFDWLRQ DQG WKH RWKHU ZHE FRPSRQHQWV UHVSRQVLEOH IRU GDWD
DFTXLVLWLRQDQGWUDQVIHUZHUHLPSOHPHQWHGXVLQJWKH/,1;OLEUDU\
:HFRQGXFWHGRXU UHVHDUFKE\ UXQQLQJPXOWLSOH WHVWV YDU\LQJ WKHQXPEHURIFOLHQWVDQG WKHQXPEHURIYLUWXDO
LQVWUXPHQWVXVHGE\WKHFOLHQWV
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'LVFXVVLRQVDQG5HVXOWV
7DEOH  LOOXVWUDWHV WKH UHVXOWV RI RXU H[SHULPHQWDO PHDVXUHPHQWV IRU YDULRXV QXPEHUV RI FOLHQWV QF WR WKH
LQVWUXPHQWDWLRQVHUYHUZHVKRZWKHGRZQORDGDQGXSORDGWUDIILFORDGV
7DEOH1XPEHURIFOLHQWVYHUVXVGRZQORDGDQGXSORDGWUDIILFORDG
1RRILQVWUXPHQWDWLRQFOLHQWVQF 'RZQORDGWUDIILF
ORDG>NESV@
8SORDGWUDIILFORDG
>NESV@
  
  
  
  
  
  
  
  
  
  

,Q RUGHU WR HVWDEOLVK WKH UHTXLUHPHQWV IRU WKH GDWD FRPPXQLFDWLRQ QHWZRUN IRU D YLUWXDO LQVWUXPHQWDWLRQ
DSSOLFDWLRQ EDVHG RQ WKH DERYH SURSRVHG PRGHO ZH LGHQWLILHG WKH IROORZLQJ UHODWLRQVKLS ZKLFK H[SUHVVHV WKH
PLQLPXPUHTXLUHG UHDOWLPH FRPPXQLFDWLRQEDQGZLGWKDVD IXQFWLRQRI WKHQXPEHURIFOLHQWV WKDWZLOO DFFHVV WKH
LQVWUXPHQWDWLRQVHUYHU
    F F FY Q Q Q         
)LJXUH  GHSLFWV WKH IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH QXPEHU RI FOLHQWV WKDW PDNH UHTXHVWV WR WKH
LQVWUXPHQWDWLRQ VHUYHUDQG WKHQHFHVVDU\FRPPXQLFDWLRQEDQGZLGWK ,QRUGHU WRYDOLGDWH WKH VROXWLRQSURSRVHG LQ
H[SUHVVLRQ ZH DOVR VKRZ WKH H[SHULPHQWDO GDWDREWDLQHG IURPPHDVXUHPHQWV%\ FRPSDULQJ WKH WZRZH FDQ
FRQFOXGHWKDWRXUPHWKRGRORJ\SURYLGHVDJRRGHVWLPDWLRQRIWKHDFWXDOUHVRXUFHQHFHVVLWLHV
&RQFOXVLRQV
0RQLWRULQJDQGFRQWUROV\VWHPVEDVHGRQGLVWULEXWHGYLUWXDO LQVWUXPHQWDWLRQDUHLQFUHDVLQJO\SRSXODULQYDULRXV
LQGXVWULDOILHOGV7KHLUHPHUJHQFHFDXVHVWZRVWULQJHQWQHFHVVLWLHV)LUVWZHQHHGKLJKOHYHOWRROVWKDWGHP\VWLI\WKH
GHVLJQ SURFHVV DQG DOORZ TXLFN GHYHORSPHQW VXFK DV JUDSKLFDO ODQJXDJHV 6HFRQG ZH QHHG VSHFLILFDWLRQV DQG
GHYHORSPHQWPHWKRGRORJLHVWKDWHVWDEOLVKUHXVDEOHSDWWHUQVDQGOD\FRPPRQJURXQGDFURVVYDULRXVV\VWHPV,QWKLV
SDSHUZHPDGHXVHRI/DE9LHZDSRSXODUJUDSKLFDO ODQJXDJH LQRUGHU WRGHYHORSDQH[SHULPHQWDOSODWIRUPDQG
GHVLJQDVROXWLRQWRRXUSUREOHPKRZWRFKRRVHDQGHYDOXDWHWKHQHFHVVDU\FRPPXQLFDWLRQEDQGZLGWKLQWKHFRQWH[W
RI GLVWULEXWHG YLUWXDO LQVWUXPHQWDWLRQ )XWXUH GHYHORSHUV FDQ EXLOG XSRQ RXU VROXWLRQ IRU UHVRXUFH DOORFDWLRQ
PDQDJHPHQWDQGQHWZRUNFRQILJXUDWLRQ
7KHPDLQFRQFOXVLRQGUDZQIURPRXUH[SHULPHQWVLVWKDWWKHGHVLJQRIPXOWLFOLHQWGLVWULEXWHGDSSOLFDWLRQVPXVW
WDNH LQWR DFFRXQW WZR IDFWRUV WKH H[LVWLQJ FRPPXQLFDWLRQ EDQGZLGWK DQG WKH DPRXQW RI GDWD VHQW DFURVV WKH
QHWZRUN)RULQVWDQFHZHUDQDFRXSOHRIH[SHULPHQWVRQDQ(WKHUQHWQHWZRUNZLWKWHQFOLHQWV(DFKRIWKHVHFOLHQWV
UXQ RQ DQ ,QWHO , SURFHVVRU ZLWK *% RI 5$0 FRPSXWLQJ V\VWHP FRQILJXUDWLRQ )RU WZR UHDO DFTXLUHG VLJQDOV
PRQLWRUHGRQLQGHSHQGHQWPHDVXUHPHQWVLQVWUXPHQWVZHFRQFOXGHGWKDWWKHEDQGZLGWKPXVWEHDWOHDVW.ESV
ZKHUHDVIRUWKLUW\DFTXLUHGVLJQDOVWKHYDOXHPXVWEHLQFUHDVHGWRDWOHDVW0EV

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)LJ7UDIILFORDGDQGEDQGZLGWKHVWLPDWLRQILWIXQFWLRQ
%RWKWKHVROXWLRQSURYLGHGLQWKHH[SHULPHQWDOSODWIRUPDVZHOODVWKHPHWKRGRORJ\WRGHWHUPLQHWKHQHFHVVDU\
FRPPXQLFDWLRQ EDQGZLGWK SURYLGH UHXVDEOH SDWWHUQV LQ WKH GHYHORSPHQW RI VXSHUYLVLRQ PRQLWRULQJ DQG FRQWURO
WHFKQRORJLHVWKURXJKJUDSKLFDOSURJUDPPLQJDQGYLUWXDOLQVWUXPHQWDWLRQ
5HIHUHQFHV
>@ :DQJ-)3HWHU:7+H/6<HXQJ5:5HPRWHVHQVLQJGLDJQRVLVDQGFROODERUDWLYHPDLQWHQDQFHZLWK:HEHQDEOHGYLUWXDOLQVWUXPHQWV
DQGPLQLVHUYHUV7KH,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\
>@ &HFFKL9<DQJ;0LX.1ZDQNSD&2,QVWUXPHQWDWLRQDQGPHDVXUHPHQWRIDSRZHUGLVWULEXWLRQV\VWHPODERUDWRU\IRUPHWHUSODFHPHQW
DQGQHWZRUNUHFRQILJXUDWLRQVWXGLHV,QVWUXPHQWDWLRQDQG0HDVXUHPHQW,(((7UDQVDFWLRQVRQ
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